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57 ABSTRACT 

The invention concerns a resonator (1) with at least one 
crystal (2,2"), at least two electrodes (3,3', 4, 4') exciting the 
crystal (2, 2), and a sandwich housing (5, 5) with a 
Substantially plate-shaped bottom (6), at least one frame-like 
central portion (7,7") which surrounds the crystal (2,2') and 
Supports it in a pendular fashion, and a Substantially plate 
shaped lid (8), wherein these housing sections (6, 7, 7, 8) are 
interconnected by means of sealing surfaces (13,14, 15, 16), 
with the inclusion of conducting layers (9 and 9', 10 and 10"; 
11, 12) and each electrode (3, 4; 3', 4') is connected to 
conductive layers (9 and 9, 10 and 10";11, 12). The resonator 
in accordance with the invention is configured in Such a 
fashion that it can be further processed using SMD technol 
ogy. Towards this end, at least two conductive Surfaces (17, 
18, 19, 20) extend on at least one side of the housing (5, 5") 
to the foot (21) of the bottom (6) in such a manner that the 
bottom can be soldered to a printed circuit (22), wherein 
each of the conductive layers (9 and 9', 10 and 10"; 11, 12) 

5,382,929 1/1995 Inao et al. . ... 333/187 are interrupted outside of the sealing surfaces (13, 14, 15, 
5,394,123 2/1995 Inoue et al. ... 333/189 16) for electrical isolation. 
5,449,965 9/1995 Tsuru ...................................... 3.10/351 
5,699,027 12/1997 Tsuji et al. .............................. 333/193 37 Claims, 8 Drawing Sheets 
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POSTASSEMBLY PROCESSED CRYSTAL 
RESONATOR WITH CONDUCTIVE LAYERS 
SUTABLE FOR SURFACE MOUNTING 

BACKGROUND OF THE INVENTION 

The invention concerns a resonator with at least one 
crystal, at least two electrodes exciting this crystal and a 
housing constructed in a Sandwich-like manner having a 
Substantially plate-shaped bottom, at least a frame-shaped 
central portion which Surrounds the crystal and Supports 
Same in a vibration-capable fashion and a Substantially 
plate-shaped lid, wherein these housing components are 
connected to each other by means of Sealing Surfaces with 
the inclusion of conducting layers and each electrode is 
electrically connected to one conducting layer. The inven 
tion also concerns a method for the production of a resonator 
of this kind. 

The invention also concerns a method for the production 
of a resonator (1,1) having at least one central portion (7.7) 
made from a crystal plate having two electrodes (3,3,4,4') as 
well as a bottom (6) and a lid (8), having the following 
method steps; 
a) the active crystal Surface (2.2) is freed in Such a fashion 

that at least one connecting brace (28.29.30) to the central 
portion (7.7) created thereby, remains, 

b) the active crystal Surface (2.2) is processed in Such a 
fashion that the desired mechanical dimensioning is 
achieved, 

c) the electrodes (3.3") are introduced and optionally pro 
cessed for compensation and connected to the conducting 
layers (9,10,11,12), and the at least one central portion 
(7.7), the bottom (6) and the lid (8) are joined together. 
Present day conventional resonators comprise piezo 

electrical crystal elements mounted in hermetically Sealed 
housings, primarily made from glass, metal or ceramic. The 
crystal elements are mounted in these housings using a 
conducting glue to effect the electrical connection between 
the normally evaporated electrodes and the electrical feed 
throughs or feed contacts of the housing while Simulta 
neously effecting the mechanical connection of the crystal 
element to the housing. Resonators having this type of 
housing are relatively large components which are difficult 
and expensive to produce, Since depressions or gaps are 
required which must be Sufficiently large due to mechanical 
tolerances and the use of conducting glues. 

For this reason, U.S. Pat. No. 4,293,986 proposes a 
configuration of the above mentioned resonator. Towards 
this end, a frame-shaped quartz plate Surrounds the active 
crystal Surface and is joined together with a bottom and a lid 
into a Sandwich-shaped housing. These components contain 
conducting Surfaces, wherein the active crystal Surface is 
located in a free area formed by tub-shaped recesses in the 
bottom and in the lid. Although a reduction in size of the 
components is thereby achieved, these components can only 
be mounted with difficulty to a printed circuit. Direct sol 
dering while effecting the necessary connections is not 
possible, unless one would Solder the components at their 
narrow Sides which, for reasons of Stability, in particular due 
to the poor Shock properties, is ruled out. For this reason, 
auxiliary Structures for the production of the connectors, for 
example wires, are necessary. This type of component 
cannot be introduced onto a circuit board using SMD 
technology (Surface Mounted Devices). 
A resonator of the above mentioned kind is also known in 

the art from U.S. Pat. No. 4,421,621. This resonator has a 
fork-shaped vibrating quartz, wherein conducting layers are 
partially connected to each other by means of Vertical 
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2 
conducting Surfaces, Substantially via through openings. 
There is however no connection of the potentials to the plate 
shaped bottom to allow the component to be introduced onto 
and connected to a circuit board using SMD-technology. 

It is therefore the underlying purpose of the invention to 
further improve a resonator of the above mentioned kind 
Such that it can be processed using SMD technology. 

SUMMARY OF THE INVENTION 

This purpose is achieved in accordance with the invention 
in that a total of at least two conducting Surfaces extend at 
at least one side of the housing to the foot of the bottom in 
Such a manner that the bottom can be Soldered to a printed 
circuit board, wherein the conducting layers are each inter 
rupted outside of the Sealing Surfaces. 
The purpose is also achieved by a method of the above 

mentioned kind with which, prior to joining together, at least 
one crystal plate is provided on both sides with conducting 
layers, wherein the active crystal Surface and at least one 
interruption remain outside of the Sealing Surfaces effecting 
the Sealed housing region, and at least the bottom is provided 
with at least two conducting Surfaces which extend to the 
foot of the bottom in Such a fashion that the bottom can be 
Soldered to a circuit board, and electrical connections can be 
effected to the conducting Surfaces of the at least one crystal 
plate. 
The invention facilitates a hermetically Sealed, inexpen 

sive SMD component of Small volume. This component is 
completely connected to the printed circuit board following 
Soldering and no wires, bore holes or through contacts are 
required. The conducting layerS Serve the purpose of through 
contacts and preferentially simultaneously Serve as Sealing 
Surfaces, wherein the potential Separations outside of the 
Sealing Surfaces facilitate passage of a plurality of connec 
tions at the edge of the Sandwich-like housing to connect 
from this location to bottom contacts for Soldering to a 
circuit board. An SMD component is thereby created which 
can be connected to a plurality of differing potentials. The 
principal concept is thereby that each conducting layer 
disposed between the housing components is associated with 
one potential. Since these layers are electrically Separated 
from each other, they can Serve for connecting each elec 
trode to one conductive track of the circuit board. The 
component is easy to manufacture and offers a large number 
of possible configurations as will be shown in the various 
embodiments and improvements. 

For example, the resonator can be constructed in Such a 
fashion that the conducting layers are located on at least one 
frame-shaped central portion, wherein they are connected to 
the bottom and to the lid to produce the Sealing Surfaces. 
These Sealing Surfaces, as those in the Subsequent 
embodiments, can be produced in various ways. They can be 
evaporated or introduced by Screen printing, chemical meth 
ods or combinations of various methods. The bottom and the 
lid can be glued to the frame-shaped central portion or 
connected thereto in other ways. 

It is particularly advantageous when the lid is connected 
to the central portion by means of bonding (e.g. anodic 
bonding or diffusion bonding). Clearly, the bottom can also 
be connected to the central portion using bonding. In this 
cases, one has the advantage that metallic layers are not 
necessary for the lid and/or bottom; they can be directly 
connected to the metallic layer of the central portion. Manu 
facture is thereby Simplified, and a durable connection 
achieved. For example, the lid can be made from only one 
glass plate which is directly connected to an aluminium 
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layer of the central portion bearing the crystal. The same is 
true for the bottom which must then only be equipped with 
the Sideward conducting layer for connection to the circuit 
board. 
An additional embodiment provides that the bottom have 

an upper conducting layer connected to the corresponding 
conducting layer of the central portion, wherein these cor 
respond at least in the vicinity of the Sealing Surface. It is 
equally possible for the lid to have a conducting layer 
connected to the corresponding layer of the central portion, 
wherein these also correspond at least in the vicinity of the 
Sealing Surface. Since the introduction of metal layers, e.g. 
onto quartz, glass or ceramic results in a very stable 
connection, these embodiments have the advantage that the 
housing elements can be Soldered or welded. The conducting 
layer is preferentially made from a metal having a melting 
temperature between 240 and 600 C. In this fashion, a 
Simple welding by means of friction-welding or laser Weld 
ing is possible without damaging the individual components. 
It is also possible to Seal the housing using vacuum under 
preSSure. Combination procedures are conceivable Such as, 
e.g. joining the lid and the bottom together with the quartz 
under Vacuum and Subsequently Soldering or welding the 
metal Surfaces. It is also possible to melt the metal layers 
together in a flow-through oven. A Soldering can also be 
effected in Such a fashion that a press holds the components 
together from above and below during the Soldering proceSS 
and Simultaneously serves for the removal of heat and for 
Sealing. Other methods of joining and connecting the hous 
ing components or combinations thereof are conceivable. 
An advantageous embodiment provides that the conduct 

ing layers outside of the Sealing Surfaces have additional 
interruptions. These interruptions can be fashioned to facili 
tate the Stacking of only as many conducting layerS as are 
required for contact and Sealing. The reason for this is that 
the metal layerS act as coils or capacitors which can have 
negative influences in view of the low values thereof which 
are often required. Such additional interruptions can, 
however, also serve to introduce additional components Such 
as conducting tracks, capacitors, coils and the like. Such 
components can, e.g. be evaporated using Sputtering tech 
niques. In this fashion, the resonator can be expanded into an 
integrated component. 

It is particularly advantageous when the crystal and the 
frame-shaped central portion are configured as a Single 
component, wherein the active resonator Surface of the 
crystal is freed with the exception of at least one connecting 
brace. One connecting brace or two connecting braces can 
be disposed on one side of the active resonator Surface So 
that an opening of approximately 350 degrees results. It is, 
however, also possible to connect two connecting braces at 
opposite Sides of the active resonator Surface to effect an 
opening of approximately two times 175 degrees. The 
individual configuration depends on the final properties of 
the desired resonator. The freeing process can be effected 
either mechanically, e.g. through boring or by etching 
processes, wherein the Surfaces which are not to be etched 
free are painted over prior thereto. The embodiment as a 
Single component has the advantage that no connection of 
the frame-shaped central portion to the crystal is required 
using a foreign material, e.g. glue. This is advantageous, 
Since Such materials, in particular glue, negatively influence 
the durability. The use of two connecting braces, each 
carrying at least one electrode lead, can avoid disadvanta 
geous shear Vibrations. 

The active crystal Surface can be processed to achieve a 
change in thickness. The firm attachment of the vibrating 
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4 
body to a thick edge allows this body to be made thinner. 
This is one of the ways of creating a free Space for the 
resonating capability of the active resonating Surface. It is 
also a particularly economical possibility, Since the proceSS 
ing of the crystal is in any event necessary in order to obtain 
the desired final frequency. These changes in thickness of 
the active area can be effected by etching, lapping or through 
laser processing, e.g. using an excimer laser. The electrodes 
and their electrical connections to the conducting Surfaces 
can Subsequently be deposit-evaporated. Clearly, it is also 
possible to process the active crystal Surfaces to achieve a 
particular shape. For example, convex shapes for low fre 
quency quartz can be produced by excimer lasers or using 
Stepped etching. All of these processings of active crystal 
Surfaces can Serve to achieve the desired final dimensions 
and thereby final properties Such as frequency, resistance, 
C/C ratio and the like (C is the dynamic capacitance and 
Co the Static capacitance). 
An additional embodiment provides that the conducting 

layer of the lid has a window in the vicinity of the crystal. 
The conducting layer of the bottom can also have a window 
in the vicinity of the crystal. In this fashion, a free Space for 
the Vibration capability of the crystal can be easily created 
either to create additional room for thickness changes of the 
crystal or instead of Such a thickneSS change. The additional 
advantage of Such windowS is that undesirable capacitances 
are avoided. 
An additional embodiment provides that at least one of 

the housing members, namely the bottom or the lid be made 
from a transparent material. In this fashion, it is possible to 
post-process one or both of the electrodes after joining the 
housing together to achieve a precise frequency matching 
using a laser or using glow discharge. For example, the 
bottom and/or lid can be made from glass. For processing 
the electrodes, a YAK laser can be utilized. The Substantial 
advantage is that the compensation or matching can occur 
after the housing is Sealed. In this fashion, it is possible to 
tune crystals having an initial precision of less than 5 ppm 
to achieve a precision of less than 1 ppm. 
The electrodes can be disposed on the crystal, wherein 

they, however, do not normally cover the entire active 
crystal Surface. An additional possibility is to introduce the 
electrodes onto the lower Side of the lid and onto the upper 
side of the bottom. If a plurality of crystals are provided, it 
is also clearly possible for an intermediate bottom to Support 
electrodes. Such an embodiment facilitates production of 
durable resonators with very good frequency Stability. Such 
cases also permit post-processing of the electrodes in trans 
parent housings using lasers. 
The Sandwich construction in accordance with the inven 

tion facilitating connection of conducting layerS for a plu 
rality of potentials to the circuit board also allows for a 
plurality of crystals to be introduced into the housing. Same 
can be disposed in Such a fashion that a plurality of frame 
shaped central portions are introduced between the bottom 
and the lid So that a plurality of resonators are "stacked' one 
above the other. It is thereby also possible for intermediate 
bottoms to be located between the frame-shaped central 
portions having conducting Surfaces for at least establishing 
the electrical connection between the at least one crystal 
lying there above to the circuit board. It is advantageously 
provided that the intermediate component has a conducting 
layer both above and below to form the associated Sealing 
Surface which is interrupted outside of the Sealing Surface 
for potential Separation. In this fashion, as already described, 
metal layers can be connected to each other in order to join 
the components together. In this fashion, a compact com 
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ponent having an arbitrary large number of resonators and 
optionally additional components can be constructed. One 
can provide for connecting the crystals to the circuit board 
using Separate connectors. The Structure of the conducting 
layerS and the Separation thereof can, however, also be 
configured in Such a fashion that the individual resonators 
are circuited in Series or in parallel. 

Clearly, the resonator in accordance with the invention 
can be configured with a free Space for Vibration of the 
crystal using tub-shaped recesses in the bottom and lid as is 
known in the art. This is advantageous for producing a 
particularly large Space. 

The bottom of the resonators can have an arbitrary 
number of connecting Surfaces for Soldering to the conduct 
ing tracks of the circuit board. The only limitation is the 
number of conducting Surfaces which can be accepted on the 
periphery of the housing. 

All components of the housing, namely the bottom, one or 
more of the frame-shaped central portions and optionally the 
intermediate bottoms as well as the lid can be made from the 
Same material, e.g. from the same quartz as the crystal. In 
this fashion, the overall component is a homogeneous mate 
rial having the same expansion properties which leads to 
particularly StreSS-free characteristics, in particular during 
differing operating temperatures. Absence of StreSS means 
that no displacing forces and therefore no bending of the 
components can occur to obviate negatively influencing the 
vibrations. 

The invention further concerns a method for the produc 
tion of a resonator of the above mentioned kind. This method 
has the following method steps: 
A crystal plate is, e.g. covered using paint or a template 

at locations where the active crystal Surface and the inter 
ruptions for polarity Separation should be located. Subse 
quent thereto, the non-covered Surfaces are metal-coated. A 
Similar processing is effected on the bottom, wherein the 
metalization produces at least two conducting Surfaces 
which extend to the foot of the bottom in Such a fashion that 
the bottom can thereby be soldered to a circuit board. Such 
layers can also be provided in the Sealing region, wherein 
they correspond to the conducting layers of the crystal plate. 
The lid can also be provided with Such a metallic layer, at 
least in the vicinity of the Sealing Surface of the Sealed 
housing region. 

Subsequent thereto, the active crystal Surface of the 
crystal plate is freed in Such a fashion that at least one 
connecting bridge remains to the frame-shaped central por 
tion thereby created. This can be effected by means of 
boring, Separation using a separating plate, or etching, 
wherein, in the latter case, a covering using a paint can also 
be used. After freeing the active crystal Surface, all Surfaces 
are covered with paint except for the active crystal Surface 
So that this region can be etched to the desired frequency. 
Convex shapes for low frequency quartz can also be thereby 
produced by Step-etching. Clearly, other processing tech 
niques are also possible Such as use of a laser. The crystal 
Surface processed thereby must merely have the desired 
dimensions. The electrodes are Subsequently introduced in 
Such a fashion that they are connected to the conducting 
Sealing Surfaces. 

The housing components are finally brought together, 
wherein this can be effected using glueing, Soldering, bind 
ing or welding, e.g. friction welding or laser welding. The 
Vertical conducting Surfaces and optionally also the hori 
Zontal conducting Surfaces of the bottom and the crystal 
plate, which should have the same potential, are thereby 
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6 
connected to each other. A connection can also be estab 
lished by Sealing the components using vacuum underpres 
Sure. A combination of methods is particularly 
advantageous, e.g. Such as joining the lid and the bottom 
together with the crystal plate under Vacuum and Subse 
quently Soldering or welding the metallic Surfaces. The 
previously effected vacuum Seal protects the quartz and 
there is no large risk that the vacuum Seal fails. The Solder 
can, e.g. be heated using a laser, or a press can be provided 
to hold the components together from above and below 
during the Soldering process while Simultaneously Serving to 
extract heat, and for Sealing. 
When the housing is transparent, e.g. made entirely from 

glass, a laser or a glow discharge can be used to post-process 
at least one of the electrodes through the transparent housing 
portion after joining together the housing to thereby achieve 
a particularly high precision, as described above. 
The invention is described below with reference to the 

drawing. Embodiments are shown with advantageous con 
figurations and improvements Suggest additional advan 
tageS. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shows a cut through a first embodiment of the 
resonator type in accordance with the invention in the 
vicinity of a frame-shaped central portion having an active 
crystal Surface, 
FIG.2 shows a longitudinal cut through this embodiment, 
FIG. 3 shows a plan view of a lid, 
FIG.3a shows a cross-sectional view of the lid of FIG. 3, 
FIG. 4 shows a first plan view of a frame-shaped middle 

component, 
FIG. 4a shows a cross-sectional view of the frame-shaped 

middle component of FIG. 4, 
FIG. 4b shows a second plan view of the frame-shaped 

middle component of FIGS. 4 and 4a, 
FIG. 5 shows a first plan view of a bottom of a second 

embodiment, 
FIG. 5a shows a cross-sectional view of a bottom accord 

ing to the second embodiment in accordance with FIG. 5, 
FIG. 5b shows a second plan view of the bottom of a 

Second embodiment in accordance with FIGS. 5 and 5a, 
FIG. 6 shows a housing component of a third embodiment 

for illustration of the assembly, 
FIG. 7 shows a fourth embodiment with Some alternative 

features, 
FIG. 8 shows a fifth embodiment having two resonators 

Stacked one above another, 
FIG. 9 shows a cut through the upper central portion of 

FIG. 8, 
FIG. 10 shows a cut through the intermediate bottom of 

FIG. 8, 
FIG. 11 shows a cut through the lower middle central 

portion of FIG. 8 and 
FIG. 12 shows a side view of the fifth embodiment and 
FIG. 13 shows a sixth embodiment. 

Unless otherwise indicated, the Same reference Symbols 
in the various figures and embodiments represent the same 
Structure 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIGS. 1 and 2 show a first embodiment which explains the 
principles of the invention. The housing 5 of the resonator 1 
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is constructed from a bottom 6, a frame-shaped central 
portion 7 and a lid 8. FIG. 1 shows a cut I-I indicated in 
FIG. 2. It passes through the frame-shaped central portion 7 
in the vicinity of the conducting layer 9 which serves for 
transporting the first potential. The frame-shaped central 
portion 7 frames and Surrounds a crystal 2 which is con 
nected to the frame-shaped central portion 7 by means of a 
connecting brace 28. The frame-shaped central portion 7 and 
the crystal 2 are advantageously made from one piece, e.g. 
a quartz crystal, wherein a free location 44 is removed in a 
manner already described. The cut surface shown in FIG. 1 
passes through the conducting layer 9 of the frame-shaped 
central portion 7, wherein one can See that an interruption 26 
subdivides this conducting layer 9 in such a fashion that a 
Sealed housing region 25 is produced. The largest fraction of 
the conducting layer 9 is connected to the first potential of 
the vertical conducting Surface 18. This region is connected 
by the electrode lead 31 to the electrode 3 on the upper side 
of the crystal 2. The conducting layer 10 (see FIG. 2) is 
located on the lower Side of the frame-shaped central portion 
7 and applies the Second potential to the lower electrode 4. 
This conducting layer 10, has an interruption 26' extending 
in Such a fashion that the vertical conducting Surface 18 of 
the first potential is separated. This interruption 26' is 
indicated with the dashed line in FIG. 1, since it is located 
on the back side of the frame-shaped central portion 7. 

The Sealing Surfaces 13 and 14 form a Sealed housing 
region 25 in which the crystal 2 is located. This sealed 
housing region 25 is formed via the Sandwich-type housing 
5 construction comprising the bottom 6, the frame-shaped 
central portion 7 and lid 8. The conducting layers 9 and 10 
are joined correspondingly with conducting layers 9 and 10' 
of the lid 8 and the floor 6 in Such a fashion that a 
hermetically Sealed housing region 25 is created about the 
crystal 2. 

In order to make Such a component SMD-capable, it was 
necessary to configure it in Such a fashion that both poten 
tials of electrodes 3 and 4 can be separately connected to 
conducting tracks 23 and 23' of the circuit board 22. This 
goal is achieved via the above mentioned interruption 26 of 
the conducting layers 9 and 9' as well as the interruption 26 
of the conducting layers 10 and 10' with separate connection 
to conducting tracks 23, 23' of the circuit board 22. An 
electrical connection is created from the conducting track 23 
on the right Side of the component through the vertical 
conducting surface 18 of the bottom 6 to the conducting 
layer 9 of the frame-shaped central portion 7. The conduct 
ing Surface 18 is connected to the conducting track 23 of the 
circuit board at the foot 21 of the bottom 6 by a solder 
connection 24. In this fashion, the first potential is applied to 
electrode 3. The Second potential is separated therefrom and 
located on the left Side of the component. It is correspond 
ingly passed from the conducting track thereof 23' via an 
additional solder connection 24. The interruptions 26 and 26 
cause the sealing surfaces 13 and 14 to lie at different 
potentials. A different configuration of these interruptions as 
that shown is, however, conceivable. The potentials must 
only be separated, but without forming a gap in the Sealing 
Surfaces 13 and 14. In this manner, a resonator 1 of 
Sandwich-type construction is produced with which no wires 
or through-contacts are required. The metallized Surfaces 9, 
9, 10, 10' alone of the stacked housing components 5, 6, 7 
facilitate both the Sealing of a housing portion 25 as well as 
Separation of the two potentials. 
Windows 32 and 33 are provided in the conducting layers 

9' and 10' of the bottom 6 and of the lid 8 for vibration 
capable Suspension of the crystal 2. This vibration-capable 
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Suspension, having an associated free Space 39 can, 
however, also be created by processing the thickness of the 
active crystal Surface 2, as can be seen in this embodiment. 
Following this thickneSS processing, the electrodes 3 and 4 
are introduced and connected to the conducting layerS 9 and 
10 for connection to the first and second potentials. 
The cut representation of FIG. 2 corresponds to line II-II 

of FIG. 1, wherein crystal 2 and electrodes 3 and 4 are cut, 
but not the connecting brace 28 and the electrode lead 31. 
The following embodiments are also constructed according 
to the principle shown, wherein additional advantages are 
achieved with the associated configurations. 
The details of a second embodiment are shown in FIGS. 

3-5b. This embodiment differs from the first embodiment in 
that the crystal 2 is connected to the frame-shaped central 
portion 7 by means of two connecting braces 29 and 30, and 
the thickness of the crystal is not processed or only pro 
cessed to an insignificant extent. The free Space 39 is then 
created in this embodiment via the windows 32 and 33. 

Improvements have also been introduced in the Second 
embodiment. FIGS. 3 and 3a show the lid 8 of the second 
embodiment. 3a thereby shows the cut III-III of FIG. 3. 
The lower side of the lid 8 supports a conducting layer 9 
corresponding to that described above and having a window 
32. For reasons of clarity, the conducting layer 9 visible in 
the view of FIG. 3 is indicated with wavy lines. The 
interruption 26 is thereby visible which serves for separating 
the potentials in the manner described. Further interruptions 
43, 43', with the latter being effected as a widening of the 
interruption 26, correspond to the associated interruptions 
43, 43' of the conducting layer 9 of the frame-shaped central 
portion 7. Their function will be described below. Reference 
Symbol 13 indicates the Sealing Surface which cooperates 
with the central portion 7 to effect sealing between the lid 8 
and the frame-shaped central portion 7. 

FIGS. 4a and 4b show the frame-shaped central portion 7, 
wherein FIG. 4 represents a quartz plate which does not yet 
have a conducting layer, wherein the active crystal Surface 
2 has, however, already been processed by generating the 
opening 44. The active crystal Surface 2 is connected to the 
frame-shaped member 7 via the connecting braces 29 and 
30. FIG. 4b shows the frame-shaped central portion 7 after 
introduction of the conducting layer 9 which simultaneously 
creates the sealing surface 13 with the lid 8 already 
described above. The conducting layer 10 is located below 
the frame-shaped central portion 7 shown and likewise 
creates the sealing surface 14 with the bottom 6 which is to 
be described below. In contrast to the embodiment described 
above, in this embodiment the electrode lead 31 for the 
upper electrode 3 is located on a connecting brace 30 and the 
electrode lead 31 for the electrode 4 is located on the other 
connecting brace 29. This configuration avoids undesirable 
resonances in the leads. Clearly, other connections are 
possible for the active crystal Surface 2. This depends on the 
desired type of Vibrational resonance in each particular case 
and on the angle at which the crystal is cut when producing 
the blank. 

Another special feature of the Second embodiment is an 
interruption 43 between the two conducting layers 9 and 9". 
Components 27 can be disposed in this interruption 43 and 
are circuited in Series with the crystal 2. Another additional 
interruption 43' is also provided for which enlarges the 
interruption 26' in Such a fashion that one or a plurality of 
additional elements 27 can be added, disposed in parallel to 
crystal 2. In this fashion, conducting tracks, coils, or capaci 
tors can be additionally integrated into the resonator and it 
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is thereby possible to completely or partially integrate a 
quartz filter into the housing 5 of the resonator 1. 

FIGS. 5, 5a and 5b show the bottom 6 of the second 
embodiment. FIG. 5 shows the upper side of the bottom 6, 
wherein the conducting layer 10' is configured in Such a 
fashion that it corresponds to the conducting layer 10 of the 
frame-shaped central portion 7. This correspondence must 
be realized in the vicinity of the sealing surface 14 and in the 
contact region. Otherwise, additional Separations 43 and 43' 
are also possible in this case. These are, however, not shown. 
FIG. 5a shows a cut V-V through the bottom 6. Connec 
tions are located on the lower Side of the bottom, wherein, 
this embodiment has two separate connections 35 and 36. 
Clearly, a plurality of Such connections can Serve, in a 
different embodiment Such as that of FIG. 8, to connect four 
potentials. The two separate connections 35 and 36 shown 
herein pass, via two vertical conducting Surfaces 17 and 18, 
to the upper side of the bottom 6 at which the conducting 
layer 10' for the second potential is located (see also FIGS. 
1, 2, 4a and 4b). The interruption 26 separates, however, the 
conducting Surface 18 which Serves to connect the conduct 
ing layer 9 (see FIG. 1) of the frame-shaped central portion 
7 to the connector for the upper electrode 3. In contrast 
thereto, the conducting Surface 17 leads to the lower elec 
trode 4 via the conducting layer 10 and 10'. 

FIG. 6 shows housing portions of a third embodiment for 
illustrating the assembly. In this embodiment, the crystal 2 
is round and has two oppositely disposed connecting braces 
29 and 30 so that the opening 44 subtends approximately 
two times 175 degrees. The bottom 6 has the conducting 
layer 10' on its upper side having a window 33 which is 
round in this embodiment. The conducting layer 10' is 
furthermore provided with an interruption 26' which corre 
sponds to the associated interruption 26' of the layer 10 of 
the frame-shaped central portion 7. This central portion 7 
has the conducting layer 9 on its upper Side with the 
interruption 26 which, for its part, corresponds to the inter 
ruption 26 of the layer 9" of the lid 8. This layer 9" has, for 
its part, a window 32 having, as does window 33, the size of 
opening 44. When Stacking the bottom 6, the frame-shaped 
central portion 7, and the lid 8, a connection is thereby 
established from the electrode 3 via the electrode lead 31 and 
the conducting surface 18 to the connection 36. The elec 
trode 4 disposed below the crystal 2 is connected via its 
electrode lead 31, the layers 10 (see FIG. 7) and 11 and the 
conducting Surface 17 to the connection 35. The two poten 
tials are separated from each other by interruptions 26 and 
26'. The configuration of these interruptions 26 and 26' does 
not compromise the Sealed housing region Surrounding the 
opening 44. The remaining reference Symbols correspond to 
components which have previously been mentioned in the 
preceding embodiments. 

FIG. 7 shows a fourth embodiment having alternative 
features. This embodiment has a frame-shaped central por 
tion 7 in which a lens-shaped quartz crystal 46 is mounted 
by means of a glue connection 45. A lens-shaped quartz 
crystal 46 is particularly Suited for frequencies less than 12 
MHz. The frame-shaped central portion 7 has a conducting 
Surface 18 on an outer edge and a conducting Surface 17 on 
another outer edge. The bottom 6 has connections 35 and 36, 
wherein the connection 35 leads via the conducting Surface 
17 and the conducting layer 10 to the lower electrode 4". The 
connection 36 leads via the conducting surface 18 and the 
conducting surface 9 to the upper electrode 3'. In this 
embodiment, the electrodes 3' and 4' are not disposed on the 
crystal 2, rather are located on the bottom 6 and on the lid 
8. A configuration of this kind leads to a greater frequency 
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10 
stability and long term stability. Interruptions 26 and 26 
Separate the two potentials from each other. Instead of the 
interruption 26, the conducting Surfaces 17 on the frame 
shaped central portion 7 could be eliminated, with these 
missing conducting Surfaces 17 effectively generating the 
interruption 26. Clearly, this component could also be con 
figured as a unit having a plurality of Stacked resonators. In 
this case, an intermediate bottom would be appropriately 
disposed between the individual resonator electrodes. This 
third embodiment combines a plurality of differing features. 
Clearly, this does not mean that they are only possible in the 
combination shown. The various features of all embodi 
ments shown can be combined with each other in differing 

CS. 

FIGS. 8 through 12 show a fifth embodiment having two 
resonators 1, 1' Stacked one above another located in a 
housing 5". FIGS. 8 through 11 are cut representations, 
wherein the cuts of FIGS. 9, 10 and 11 are indicated in FIG. 
8. The location of the cut of FIG. 8 is indicated in FIGS. 9 
through 11. The roman numerals of the cuts correspond to 
the arabic numerals of the figures. FIG. 12 shows a side view 
which is likewise indicated in roman numerals with an arrow 
in FIG. 8. 

In this embodiment, each resonator 1 and 1" has separate 
connections, 35 and 36 as well as 37 and 38, to the circuit 
board 22. The connection 35 thereby leads from the con 
ducting track 23 via the conducting Surface 17 and the 
conducting layer 9 to the upper electrode 3 of the crystal 2. 
The connection 36 leads from the conducting track 23" via 
the conducting surface 18 and the conducting layer 10 to the 
lower electrode 4 of the crystal 2. The connection 37 leads 
from the conducting track 23' via the conducting surface 19 
and the conducting layer 11 to the upper electrode 3 of the 
crystal 2". Finally, the connection 38 leads from the con 
ducting track 23" via the conducting surface 20 and the 
conducting layer 12 to the lower electrode 4 of the crystal 2". 
In order to effect these four separate connections 35 through 
38, additional interruptions 47 must be provided for over and 
above interruptions 26 and 26' which cooperate with inter 
ruptions 26 and 26' in Such a fashion that the conducting Side 
Surfaces of the component are Subdivided into four conduct 
ing surfaces 17 through 20, wherein each of these surfaces 
17 through 20 is connected to one conducting layer 9 
through 12 in the manner described above. The cut IX shown 
in FIG. 9 thereby shows that the conducting surface 20 is 
connected through to the conducting layer 12. The conduct 
ing Surface 19 on the upper Side of resonator 1' is corre 
spondingly connected to the conducting layer 11. FIG. 11 
shows how the conducting Surface 17 is connected to the 
conducting layer 9, wherein the conducting Surface 18 is 
correspondingly connected to the conducting layer 10. An 
intermediate bottom is disposed between the resonators 1 
and 1" having conducting layerS 15 and 15" configured as 
shown in FIG. 10. The sealing surfaces 16 of the interme 
diate bottom 34 are separated from the potentials by inter 
ruptions 26 and 26'. The two potentials of each side are, for 
their part, separated by the additional interruptions 47. In 
this fashion, the potentials are simply passed on without 
having contact occur to the larger Sealing Surface 16. 
Clearly, the conducting surfaces 17 and 18 can also be 
eliminated along with the corresponding components of the 
conducting layer, Since a connection in the upward direction 
is not necessary. It would also be possible to eliminate the 
interruptions 26, 26", 47 proximate the intermediate bottom 
34 at those locations where they are absent in the corre 
sponding surfaces 9, 10, 11, 12 of the bordering frame 
shaped central portions 7, 7". The embodiment shown has 



6,087,759 
11 

been chosen to provide better handling and universal appli 
cability for the intermediate bottom 34 due to the symmetry 
at all Sides and to facilitate a likewise Symmetric Soldering 
24 onto the component in a upwardly leading fashion. 

Clearly, a Stack can be produced having more than two 
resonators, wherein additional separations 47 would then be 
required. It is also conceivable that the SideS which are not 
yet provided with conducting surfaces 17 through 20 be 
correspondingly used to facilitate more contacts. It is also 
possible for the frame-shaped central portions 7 and 7 to be 
Stacked upon each other without an intermediate bottom 34. 
In this case, all crystals would be located in a Sealed housing 
region. 

In a fifth embodiment shown, the connectors for both 
resonatorS1 and 1' are separately passed to the circuit board. 
Corresponding connections between the conducting Surfaces 
17 through 20 and the conducting layers 9 through 13 
facilitate housings with resonators connected in parallel or in 
Series as well as circuits with additional components 27. 

FIG. 13 shows a sixth embodiment which is different from 
that of FIG. 2 in that the electrode 2 has the thickness of the 
frame-shaped central portion 7 and tub-shaped recesses 40 
and 41 in the lid 8 and the bottom 6 generate the free space 
39. 

The Six embodiments shown in the figures are only 
exemplary combinations of features. Clearly, arbitrary fea 
ture combinations are possible. 

RESONATOR WITH CRYSTAL 

List of Reference Symbols 

11" resonator 
2,2' crystal (or active crystal surface) 
3,3' electrode (upper) 
4,4' electrode (lower) 
5,5' housing 
6 bottom 
7.7 frame-shaped central portion 

(e.g. crystal plate) 
8 lid 
9,9' conducting layer, first potential 

10,10' conducting layer, second potential 
11 conducting layer, third potential 
12 conducting layer, fourth potential 
13 sealing surface, upper side of central 

portion 
14 sealing surface, lower side of central 

portion 
15,15 conducting layers of the intermediate 

bottom 
16 sealing surface of the intermediate 

bottom 
17,18,19,20 sealing surfaces 
21 foot of bottom 
22 printed circuit board 
23,23'23",23" printed circuit board tracks 
24 soldering 
25 housing regions sealed by sealing 

surfaces 
26,26' interruptions in a conducting layer 
27.27 additional components 
28 connecting brace (one) 
29,30 connecting brace (two) 
31 electrode lead 
32 window (lid) 
33 window (bottom) 
34 intermediate bottom 
35,36,37,38 separate connections 
39 free space 
40,41 tub-shaped recesses 
43,43' additional interruptions of a conducting 
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-continued 

RESONATOR WITH CRYSTAL 

List of Reference Symbols 

layer 
44 opening 
45 glue connection 
46 lens-shaped quartz crystal 
47 additional interruptions of conducting 

layers for separation of four potentials 

What is claimed is: 
1. A resonator for SMD mounting to a circuit board, the 

resonator comprising: 
a Substantially plate-shaped bottom having a lower edge; 
a frame-shaped central portion disposed above Said bot 

tom; 
a crystal disposed within Said frame-shaped central 

portion, Said crystal mounted to Said frame-shaped 
central portion for vibration; 

a plate-shaped lid disposed above Said frame-shaped 
central portion; 

a first conducting Surface at a first potential, Said first 
conducting Surface extending from Said lower edge 
upwardly along an outer Side of Said bottom, Said first 
conducting Surface Soldering Said bottom to the circuit 
board; 

a Second conducting Surface at a Second potential, Said 
Second conducting Surface extending, in non-electrical 
contract with Said first conducting Surface, from Said 
lower edge upwardly along an outer Side of Said 
bottom, said Second conducting Surface Soldering Said 
bottom to the circuit board; 

a first conducting layer disposed on a lower Side of Said 
frame-shaped central portion, Said first conducting 
layer having a first area electrically connected to Said 
first conducting Surface and a Second area electrically 
connected to Said Second conducting Surface, Said first 
conducting layer having a first interruption for electri 
cally isolating Said first area from Said Second area; 

a Second conducting layer disposed at an upper side of 
Said frame-shaped central portion, Said Second conduct 
ing layer having a third area electrically connected to 
Said first conducting Surface and a fourth area electri 
cally connected to Said Second conducting Surface, Said 
Second conducting layer having a Second interruption 
for electrically isolating Said third area from Said fourth 
area, 

a first electrode disposed above Said crystal for exciting 
Said crystal, Said first electrode electrically connected 
to Said third area; 

a Second electrode disposed below Said crystal for excit 
ing Said crystal, Said Second electrode electrically con 
nected to Said Second area; and 

means for Sealing together said lid, Said central portion, 
and Said bottom into a Sandwich-type housing having a 
Sealed housing region containing Said crystal, wherein 
Said first and Said Second interruptions are disposed 
radially outside Said Sealed housing region. 

2. The resonator of claim 1, wherein Said Second con 
ducting layer is connected to Said lid and Said first conduct 
ing layer is connected to Said bottom for effecting a Sealing 
Surface at an edge of Said Sealed housing region. 

3. The resonator of claim 2, wherein said lid and said 
central portion are connected to each other by means of 
bonding. 
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4. The resonator of claim 2, wherein said bottom and said 
central portion are connected to each other by means of 
bonding. 

5. The resonator of claim 1, wherein said first and said 
Second conducting layerS have additional interruptions out 
Side of Said Sealed housing region. 

6. The resonator of claim 5, further comprising additional 
components disposed in Said additional interruptions. 

7. The resonator of claim 1, wherein said crystal and said 
frame-shaped central portion are configured as a Single 
component, wherein a first remaining connecting brace 
permits vibration of an active resonating Surface of Said 
crystal. 

8. The resonator of claim 7, further comprising a second 
remaining connecting brace, wherein Said first brace Sup 
ports a first electrode lead and Said Second brace Supports a 
Second electrode lead. 

9. The resonator of claim 1, wherein an active crystal 
Surface is processed to achieve a thickneSS change. 

10. The resonator of claim 9, wherein said thickness 
change creates a free Space for Vibration of Said crystal. 

11. The resonator of claim 1, wherein an active crystal 
Surface is processed to effect a certain shape. 

12. The resonator of claim 9, wherein an active crystal 
Surface is processed to effect a desired frequency. 

13. The resonator of claim 2, further comprising a fourth 
conducting layer disposed on a lower Side of Said lid Said 
fourth conducting layer having a Seventh area electrically 
connected to Said third area and an eighth area electrically 
connected to Said fourth area, Said fourth conducting layer 
having a fourth interruption for electrically isolating Said 
Seventh area from that eighth area, Said fourth interruption 
disposed above Said Second interruption. 

14. The resonator of claim 13, wherein Said lower con 
ducting layer has a window proximate Said crystal. 

15. The resonator of claim 14, wherein said bottom has an 
upper conducting layer having a window proximate Said 
crystal. 

16. The resonator of claim 15, wherein a free space for 
vibration of said crystal is produced by said windows of said 
upper and Said lower conducting layers. 

17. The resonator of claim 1, wherein at least one of said 
bottom and Said lid is made from a transparent material. 

18. The resonator of claim 17, wherein at least one of said 
first and Said Second electrodes are post-processed using a 
laser after joining together Said housing, to achieve precise 
frequency matching. 

19. The resonator of claim 17, wherein at least one of said 
first and Said Second electrodes are post-processed using a 
flow discharge following joining together of Said housing, to 
achieve precise frequency matching. 

20. The resonator of claim 1, wherein said first and said 
Second electrodes are disposed on Said crystal. 

21. The resonator of claim 1, wherein said first electrode 
is disposed on a lower Side of Said lid and Said Second 
electrode is disposed on an upper Side of Said bottom. 

22. The resonator of claim 1, further comprising a Second 
crystal within Said housing. 

23. The resonator of claim 22, further comprising a 
Second frame-shaped central portion disposed between said 
bottom and said lid. 

24. The resonator of claim 23, further comprising an 
intermediate bottom disposed between Said frame-shaped 
central portion and Said Second frame-shaped central 
portion, Said intermediate bottom having a third conducting 
Surface for electrical connection between one of Said crystal 
and Said Second crystal disposed thereabove, and the circuit 
board. 
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25. The resonator of claim 24, wherein said intermediate 

bottom has a fifth conducting layer on an upper and a sixth 
conducting layer on a lower Side thereof to effect Said Sealed 
housing region, Said fifth and Said Sixth conducting layers 
having interruptions outside of that Sealed housing region. 

26. The resonator of claim 22, further comprising a first 
connector connecting Said crystal to the circuit board and a 
Second connector connecting Said Second crystal to the 
circuit board. 

27. The resonator of claim 22, wherein said crystal is for 
forming a first resonator and Said Second crystal is for 
forming a Second resonator, Said first and Said Second 
resonators connected in Series. 

28. The resonator of claim 22, wherein said crystal is for 
forming a first resonator and Said Second crystal is for 
forming a Second resonator, Said first and Said Second 
resonators connected in parallel. 

29. The resonator of claim 1, wherein said bottom has a 
first tub-shaped receSS and Said lid has a Second tub-shaped 
receSS Said first and Said Second recesses forming a free 
Space for Vibration of Said crystal. 

30. The resonator of claim 1, wherein said bottom, said 
central portion, and Said lid are all made from a Same quartz 
material as Said crystal. 

31. The resonator of claim 2, further comprising a third 
conducting layer disposed at an upper Side of Said bottom, 
Said third conducting layer having a fifth area electrically 
connected between Said first area and Said first conducting 
Surface and a Sixth area electrically conducted between said 
Second area and Said Second conducting Surface, Said third 
conducting layer having a third interruption for electrically 
isolating Said fifth area from Sixth area, Said third interrup 
tion disposed below Said first interruption. 

32. A method for the manufacture of a resonator having a 
least one central portion comprising a crystal plate having 
two electrodes as well as a bottom and a lid, the method 
comprising the following Steps: 

a) freeing an active crystal Surface, wherein at least one 
connecting brace remains to a frame-shaped central 
portion created thereby; 

b) processing the active crystal Surface to achieve desired 
mechanical dimensioning; 

c) attaching a first conducting Surface, for application of 
a first potential, to the bottom, Said first conducting 
Surface extending from a lower edge of the bottom 
upwardly along an outer Side thereof, Said first con 
ducting Surface Soldering the bottom to a circuit board; 

d) attaching a Second conducting Surface, for application 
of a Second potential, to the bottom, Said Second 
conducting Surface extending, in non-electrical contact 
with Said first conducting Surface, from the lower edge 
upwardly along an outer Side of the bottom, Said Second 
conducting Surface Soldering the bottom to the circuit 
board; 

e) applying a first conducting layer to a lower side of the 
central portion, Said first conducting layer having a first 
area electrically connecting to Said first conducting 
Surface and a Second area electrically connected to Said 
Second conducting Surface, Said first conducting layer 
having a first interruption for electrically isolating Said 
first area from Said Second area; 

f) applying a second conducting layer to an upper side of 
the central portion, Said Second conducting layer hav 
ing a third area electrically connected to Said first 
conducting Surface and a fourth area electrically con 
nected to Said Second conducting Surface, Said Second 
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conducting layer having a Second interruption for elec 
trically isolating Said third area from Said fourth area; 

g) disposing a first electrode above the crystal for exciting 
the crystal, Said first electrode electrically connected to 
Said third area; 

h) disposing a second electrode below said crystal for 
exciting Said crystal, Said Second electrode electrically 
connected to Said Second area; and 

i) sealing together the lid, the central portion and the 
bottom into a Sandwich-type housing having a Sealed 
housing region contained Said crystal, wherein Said first 
and Said Second interruptions are disposed radially 
outside of Said Sealed housing region. 

33. The method of claim 32, further comprising the steps 
of: 

j) applying a third conducting layer to an upper side of 
Said bottom, Said third conducting layer having a fifth 
area electrically connected between Said first area and 
Said first conducting Surface and a sixth area electri 
cally connected between said Second area and Said 
Second conducting Surface, Said third conducting layer 
having a third interruption for electrically isolating Said 
fifth area from Said Sixth area, Said third interruption 
disposed below Said first interruption; and 

k) applying a fourth conducting layer to a lower side of 
Said lid, Said fourth conducting layer having a Seventh 
area electrically connected to Said third area and an 
eighth area electrically connected to Said fourth area, 
Said fourth conducting layer having a fourth interrup 
tion for electrically isolating Said Seventh area from 
Said eighth area, Said fourth interruption disposed 
above said Second interruption. 

34. The method of claim 32, further comprising post 
processing at least one electrode through a transparent 
housing component using a laser. 

35. The method of claim 32, further comprising post 
processing at least one electrode through a transparent 
housing component using a flow discharge. 

36. The method of claim 32, wherein housing components 
are Sealed using vacuum underpreSSure and joined to each 
other using an additional joining Step. 

37. A resonator for SMD mounting to a circuit board, the 
resonator comprising: 
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a Substantially plate-shaped bottom having a lower edge; 
a frame-shaped central portion disposed above Said bot 

tom; 
a crystal disposed within Said frame-shaped central 

portion, Said crystal mounted to Said frame-shaped 
central portion for vibration; 

a plate-shaped lid disposed above Said frame-shaped 
central portion; 

a first conducting Surface at a first potential, Said first 
conducting Surface extending from Said lower edge 
upwardly along an outer Side of Said bottom, Said first 
conducting Surface Soldering Said bottom to the circuit 
board; 

a Second conducting Surface at a Second potential, Said 
Second conducting Surface extending, in non-electrical 
contract with Said first conducting Surface, from Said 
lower edge upwardly along an outer Side of Said 
bottom, Said Second conducting Surface Soldering Said 
bottom to the circuit board; 

a first conducting layer disposed on a lower Side of Said 
frame-shaped central portion, Said first conducting 
layer having a first area electrically connected to Said 
first conducting Surface and a Second area electrically 
connected to Said Second conducting Surface, Said first 
conducting layer having a first interruption for electri 
cally isolating Said first area from Said Second area; 

a Second conducting layer disposed at an upper side of 
Said frame-shaped central portion, Said Second conduct 
ing layer having a third area electrically connected to 
Said first conducting Surface; 

a first electrode disposed above Said crystal for exciting 
Said crystal, said first electrode electrically connected 
to Said third area; 

a Second electrode disposed below Said crystal for excit 
ing Said crystal, Said Second electrode electrically con 
nected to Said Second area; and 

means for Sealing together said lid, Said central portion, 
and Said bottom into a Sandwich-type housing having a 
Sealed housing region containing Said crystal, wherein 
Said first interruption is disposed radially outside Said 
Sealed housing region. 


